Abstract. 
INTRODUCTION
Due to the precipitation of Mg 2 Zn and Al2CuMg phases 7075 aluminum alloy presents good machinability, mainly high mechanical strength and specific stiffness [1] [2] [3] , which makes it suitable for the fabrication of structural components for aerospace and automotive industries. Due to its chemical composition this alloy is susceptible to various forms of localized corrosion [4] [5] [6] . In particular, the presence of many different constituents, define the heterogeneity, which plays a crucial role in influence the corrosion resistance. Another important limitation of this alloy concerns its weldability, because of the content of copper, the wide range of solidification temperature and the low solidus temperature [2-7-8] it can not be welded be welding fusion techniques. This because 7xxx as 2xxx series of aluminum alloys are sensitive to hot cracking [8] , and solidification and liquation cracking [9] . During the solidification of weld metal solidification cracking can occur in the fusion zone, while for as regard the liquation cracking, it can takes place in the partially melted zone during the solidification of the liquated metal. So recently many solid-state welding process, such as friction welding and friction stir welding, have been widely studied and developed [7-8-10-11-12-13] . In these processes parts to be joined are rotated against each other, while applying some axial force (friction force). These welding processes, with respect to the tradition fusion welding techniques, allow to reduce residual stresses and distortion caused by the welding process [10] and are characterized by the absence of voids and cracking in the weld and no filler material is necessary. However, their most important feature is that melting and solidification are not involved and there are not creates any problems in terms of solidification and liquation cracking. Nevertheless, in these processes is extremely important to control carefully three welding parameters: tool's rotation speed, welding speed and welding pressure. Inadequate control and setting of these parameters can determine defects in the joint and deteriorate the mechanical properties of the joints [14] .
In the present paper the effect of single and double welding pass on the microstructure and the mechanical properties on Tungsten Inert Gas welded 7075 aluminum alloy joints have been investigated and presented.
EXPERIMENTAL PROCEDURE
Samples with a single or a double welding pass have been realized in order to evaluate the effect of different welding passes on both the microstructure and the mechanical properties of the 7075 aluminum alloy. Argon has been used as shielding gas. The microstructure of the samples, prepared by a standard metallographic technique by mounting and polishing procedures, has been investigated using an optical microscope, (OM, MeF4 Reichart-Jung) and Scanning Electron Microscopy (SEM, Leo 1450VP) equipped with Energy X-rays Dispersive Spectroscopy unit (EDS, Oxford microprobe) used for compositional analysis. Vickers micro-hardness test have been performed, using an applied load of 500 gf and a time of load application equal to 15 s. Hardness has been measured in numerous points from the weld center line along the heat affected zone to the base metal. Tensile tests have been carried out, according to the UNI EN ISO 4136 Standard. Finally, by fracture surface analysis, some causes related to the samples failure can be determined. Both the two types of joints show similar microstructure in all the typical zones: fusion zone (FZ), heat affected zone (HAZ) and finally in the base metal (BM). The fusion zone shows a fine and equiaxed microstructure, due to the fast cooling rate, to which is subjected during the welding and the following solidification process. The heat affected zone has a coarser microstructure because it is submitted to higher peak temperatures. In the HAZ not only the grain coarsening occurs, but also other important phenomenon takes place, such as the dissolution of precipitates and the transformation of precipitates from metastable phase to a stable one.
Mechanical characterization
Vickers micro-hardness profiles are reported in Fig. 3 . For both type of welded plates, the hardness profile shows four different areas: FZ, HAZ I, HAZ II and the base metal, as discussed below. The fusion zone reveals the lowest Vickers micro-hardness values because in this area the straightening precipitates are not present. In the HAZ I zone, where a slow increase of hardness value is observable, only the Guinier-Preston (GP) zones are present, which are clusters that contain a high fraction of solute atoms. In the other zone, HAZ II, a sharp increase of hardness value has been obtained, due to the partial dissolution of the initially present precipitates, and furthermore to the transformation of metastable phases to more stable forms [8] . Finally, the base metal zone, as expected, has the highest hardness values, since it is unaffected by the welding process. Plates welded on both faces show a slightly higher hardness value in the heat affected zones compared to the plates welded on only one face. The obtained average results of the tensile test are summarized in Table 1 . The obtained results are compared to those obtained for the base T6 heat treated 7075 aluminum alloy with no welding. The plates welded on both faces show high mechanical strength, in terms of the ultimate tensile strength, yield strength, Young's modulus and elongation to fracture. The plates welded on only one face have very low mechanical properties caused by the uncompleted welding penetration; actually only about 50% of the cross section has been welded (Fig. 4a) . On the contrary, the plates welded on both faces, as reported in Fig. 4b , show a completely welded cross section and can be correlate to their good mechanical performances, which are comparable with those related to the base 7075 unwelded alloy.
For the plates welded on only one face many defects occur: very long cracks and gas porosities are developed ( Fig.5a and Fig.5b ), which have a harmful impact on the mechanical strength of the plates. In the plates welded by TIG welding process on both faces, the development of some gas porosities involves only a small area close to the external surface (Fig.5c ) and as localized defect do not affect negatively the whole behavior of the material. The plates welded on both faces reveal high mechanical strength, without the need to apply a post-weld aging treatment or a post-weld natural ageing, which are generally applied, after the welding process, to recover the mechanical properties [8, 16] .
The low gas porosity content can be correlated to the delay of solidification obtained by increasing the temperature by the second welding pass realized, in line with [16, 18] , provides enough time for the growth of the gas bubbles, which can overflow before the complete solidification. Using a laser-arc hybrid welding process in [16] , comparable results have been reached. According to the delayed solidification, the plates welded on both faces are characterized by an average grain size of about 171.54 µm, around 20% higher than that presented by samples welded on only one face (139.78 µm). 
CONCLUSIONS
In this paper, low thickness plates of about 3 mm made of 7075 aluminum alloy were joined by Tungsten Inert Gas welding process. Two types of samples were obtained and analyzed: (i) welding was realized on only one face and (ii) some other samples were obtained welding them on both faces. Microstructural analysis and mechanical properties evaluation were carried out and the obtained results are very promising. The fusion zone, in both type of samples, reveals a fine and equiaxed microstructure, due to the fast cooling rate to which it is subjected, while the heat affected zone has a coarser microstructure because it is submitted to higher peak temperatures. The plates welded on both faces reveal higher mechanical properties compared to those welded on only one face and their cross section are completely welded containing only few gas porosities individuated close to the external surfaces The low gas porosity content was correlated to the delay of. Many defects, especially cracks and gas porosities were detected in the plates welded on only one face. In this case, only 50% of the cross section is repaired conferring to the alloy low mechanical performances. Based on the results achieved, EN AW 7075 Al-based alloy plates welded on both faces by Tungsten Inert Gas technique reveal good welding appearance and the mechanical properties reached are comparable to those obtained in case of un-welded alloys.
